The overall objective of this study was to study the impact of change of land use / land cover on catchment runoff response using FEWS-Flood Model as the rainfall-runoff conversion model in Nzoia basin, Kenya. Land use / land cover grid data were processed for the years 1986 and 2000 in IDRISI Kilimanjaro environment while both soil data and necessary meteorological data inputs were processed in necessary formats in ArcView. The study revealed that loss of forest cover between the year 1986 and 2000 equaled gain in acreage under cropland land/ woodland mosaic in the same period. Analysis of impact of change of land use/ land cover between 1986 and 2000 also revealed increased peaks in resulting hydrographs as a result of increased acreage under crops and reduced forest cover for same storm characteristics. This has given a rationale to recent increased flood disaster in the basin.
or social system to which it is analogous in some way (Linsley, 1981) . Many authors have written on historical development of rainfall-runoff modelling and challenges encountered (e.g. Linsley, 1981 and Todini, 1988) . These authors noted that: 18 th century was the era of empirical equations whose solutions could easily be computed manually, 19 th century was the era of computer assisted lumped modelling in hydrology and 20 th century is the multi-dimensional hydrologic modelling approach. The state-of-the-art in the 20 th century is close to reality but, time consuming in terms of computational capacity of computers and data acquisition. In reality, hydrological processes are perceived as being nonlinear and stochastically variable in both space and time (Keith, 1991) . However, most physically-based distributed models capture only nonlinearity by partial differential equations describing surface and subsurface flow processes. To obtain a procedural model with realistic boundary conditions, these equations must usually be solved by approximate numerical methods, with state variables predicted at grid of points in space and time. This leads to the problem of interpolation if observed data are point observations.
The advent of GIS and remotely sensed data has given a new dimension to procedural steps in spatial distributed hydrologic modelling. Apart from flexibility in visual displays, GIS is capable of creating continuous data layers from point observation and combining the same with other grided datasets. Two major GIS-based hydrologic models which have extensive global applications are Soil and Water Assessment Tool-SWAT (Neitsch et al., 2002 ) 
and, Famine Early Warning System Flood Model-FEWS Flood Model (Guleid et al.,2000). FEWS-Flood Model also referred to as Geospatial Stream Flow
Model (Geo-SFM) is a semi-distributed hydrologic model being promoted by U.S. Geological Survey (USGS). The model has been applied by USGS for flood forecasting in a number of African countries including Mozambique (Limpopo basin), Ethiopia (Awash basin), Somali ( Shebelle basin), Kenya(Tana, Nzoia, Nyando basins). Because of lack of adequate observed datasets at basin scale, the applications were based on course satellite meteorological datasets, the details can be found in USGS website (http:/earlywarning.usgs.gov/) Nzoia basin is chosen for this study as a typical example of a flood disaster prone basin which is now a government pilot basin for integrated watershed management approach for flood management through Western Kenya Community-DrivenDevelopment and Flood Mitigation Project (ADCL, 2006) . The basin will require many catchment management decision support tools and more reliable flood forecasting methods. A number of studies (JICA, 1987; JICA, 1992; APFM, 2004a; Hussein et al, 2005; ADCL, 2006) have been carried out in Nzoia basin with a view to providing flood damage mitigation solutions, but effective structural and non structural mitigation measures are yet to be realized. The study by Hussein et al. (2005) , whose overall objective was to develop an integrated flood early warning system based on satellite and ground observed data for Nzoia River basin, applied Geo-SFM in development of flood risk maps for the flood plain. It was observed in the study that 30m DEM data produced accurate inundation maps, which were linked with model forecast river levels for flood early warning purposes. Mild, moderate and severe flood scenarios were generated and linked to settlements, schools and other livelihood zones data. The results were comprehensive information for flood contingency planning, preparedness and response in Nzoia. The flood warning initiatives is part of the mandate of Western Kenya Community-Driven -Development and Flood Mitigation Project. However, catchment management options can be analyzed on the basis of historic data and therefore, the focus of this study. Now the focus is the ongoing Western Kenya Community-Driven -Development and Flood Mitigation Project (ADCL, 2006) which emphasizes community participation in the planning and the management processes to ensure democratic governance of this catchment will require tested decision support tools for the initiative to come up with a comprehensive integrated watershed management strategies and Flood Early Warning System. The study presented here is meant to assess the suitability of Geo-SFM in integrated watershed management, particularly monitoring land use / land cover changes on river flow regime. The results will automatically add value to the on going community flood management initiative in Nzoia basin in terms understanding of the effects of land use change on runoff and planning future meteorologic data network. For example, clarification of linkage between catchment runoff response and change in land use / land cover will contribute partly to understanding the cause of failures of Earth dykes in the lower of River Nzoia, and therefore, help in developing sustainable catchment management strategies for the basin.
The overall objective of this study is to study the impact of change of land use / land cover on catchment runoff response using FEWS-Flood Model as the rainfall-runoff conversion model in Nzoia basin. Specific objectives are:
i. To process and display remotely sensed land use / land cover datasets at chosen time intervals for Nzoia River basin. ii. To demonstrate the effect of change in land use/ land cover in river flow regime using FEWS-Flood Model .
General description of the study area
Geographical location of Nzoia is indicated in Fig.1 . Nzoia basin is situated between latitudes 1 0 30'N and 0 0 05'S and between longitudes 34 0 E and 35 0 45'E and is the largest basin in Kenya's Lake Victoria basin with an approximate area of 12,709km 2 and a length of 334km up to its outfall into the lake. Nzoia system has its sources in the forested highlands (Mt. Elgon, Cherangani hills, Nandi Hills and Kakamega forest). River Nzoia experiences perennial flooding in its lower reaches especially the Budalangi area of Busia district. Additional information of the river morphology of the river system is given by APFM(2004a).
Throughout the year in Lake Victoria Basin there is no distinctive dry season, but there are two maxima, one in April and the other in October. The highest rainfall occurs in the northwestern parts, where Nzoia basin is located, and gradually reduces in the southeastern parts. Though figures vary with small margins depending on different authors, JICA (1987) states that mean annual rainfall in Nzoia basin is 1360mm with average annual runoff of 82.7m
3 /s at gauging station near the outfall to lake( 1EE01). Unique ecosystems within the basin are flood plain at the river delta, Kakamega forest in the middle zone and Mt. Elgon, Cherangani hills and Nandi hills in the upper zones. Land use range from smallholder subsistence farms to large scale farming/plantations. 
DATA AND METHODS
Input datasets were categorized into four groups: meteorological / hydrological, soil data, land use / land cover, and topographical datasets. Meteorological data range is given in Table 1 and other grid themes are shown Fig. 3 to8.
Daily rainfall observations between the year 1979 and 2000 for seventeen stations distributed over basin were collected from Meteorological Department, Nairobi for this study. Table 1 shows rainfall station codes (station id), geographical position (longitude and latitude) and years whose data were acquired for this study. Black shades in Table 1 indicate missing data ranges, these gaps resulted in discontinuities in data series for the corresponding station. Rainfall stations with data discontinuity in a particular year are omitted when creating interpolated continuous rainfall surface for that year. The range of data used for model calibration is indicated in the last row of the table as 1979 to 1984. Fig. 4 .3 shows geographical distribution of meteorological stations indicated in Table 1 . The other input data for FEWS Flood Model are: average water holding capacity of the soils in millimeters per meter, average hydrologic active soil depth in centimeters, textural description, and average saturation soil hydraulic conductivity in meters per hour for each sub-watershed that makes up the watershed being modeled. These data were acquired at USGS Kenya office and clipped for Nzoia basin as shown in Fig. 6 .
Fig. 8 Evaporation and water cover as used for all computations in this study (a)Daily mean evaporation(mm) (b) and maximum water cover(dimensionless)
Because of lack of optimum evaporation observation data network in the basin, daily estimates of Potential Evapotranspiration were approximated by mean values from satellite values archived in USGS website ( http://earlywarning.usgs.gov/adds). In this case mean evaporation from 1995 to 2003 was used to derive the mean values. Figure  8 (a) shows the grid theme for this data. Figure 8 (b) shows spatial distribution of maximum impervious cover grid referred to as maxcover grid which is also necessary input into the model. This variable assumes two values: one for water and zero for other conditions. The data are available for download at USGS Global Land Cover Characteristics database (http://edcdaac.usgs.gov/glcc/af_int.html). In this case the maxcover value is assumed as zero (see Fig. 8b ).
RESULTS
Note: For decoding values in legends see Column 1 and 2 in Table 3 Fig Land use/ land cover data were based on Landsat scenes of 1986 and 2000 as identified in Table 2 . It was assumed that the time interval between the two datasets is long enough to reveal hydrologically significant change. Classification was done in IDRISI KILIMANJARO environment. The images were classified into four major land covers (forest, shrubland, farmland and water) which were considered significant in the study area. Results for image classification are shown in Fig. 7 and Table 3 . Due to low spatial resolution of Landsat images used in this study, only four land cover types were identified. These land cover types are identified by legend value numbers as 1, 2, 3 and 4 in Fig. 7(a) and Fig. 7 (b) and descriptive meanings are given in column 8 of Table 3 .
Value column as indicated in Table 3 (Table 1) were terminated at 1984 to correspond to available continuous observed discharge data at 1EE01. Rainfall data for the year 1986 and 2000 were conveniently chosen to correspond to satellite images. Runoff factor ) ( f given by the ratio of runoff depth ) (r to rainfall depth ) ( p as shown in equation 1 was computed on the basis of data in Table 4 .
In this case p is 123mm and r is averagely 2396 m 3 /s which is equivalent to 16mm runoff depth, considering a catchment area of 12709km 2 and hydrograph base time of 13 days. Table 4 indicate that total loss of forest cover and shrub (1571 plus 5467km
2 ) is nearly equal to gain in area of cropland land/ woodland mosaic (2064km 2 ). This finding suggest that farming may be a major cause of deforestation. Fig. 9 shows results of model calibration. It is evident that the simulated hydrograph matched the trend of the observed during low flows but exhibited large departures during high flows or rainy seasons. Parameter adjustments could only result in a coefficient of determination (R 2 ) of 0.62. Coefficient of determination equals one for a perfect case where simulated values equal observed or all data fall on the 45 0 inclined line shown in the correlation graph. These results though not very good, were used to generate basin parameters on which the model was used to demonstrate the effect of change in land use on basin runoff response. The reason for poor predictability by the model at high flows could be attributed to inaccuracies in interpolated rainfall due to poorly distributed observation network. Because the correlation is good at low flows it is reasonable to say that raingauge positions which ranged from 9 to 14 in Table1 are not dense enough to capture accurately the extents of spatial variation of rainfall in the whole basin.
Demonstration of the effect of change in land use / land cover data on river flow time distribution was done by keeping all other datasets in the model constant and varying only land use / land cover (Lulc) data. The stability of the model computation was ensured by maintaining values of calibrated parameters. Fig. 10 shows the results obtained when sample rainfall data of twelve days starting day 131 to 142 of 1986 was subjected to land use / land cover data of 1986 and 2000. This period was chosen because it coincided with 1986 image date and most important the data exhibited continuous rainfall which is important for quick runoff response in the model. The basic question to be answered by this computation is "Would rainfall which fell some years back cause more damage if it reoccurred in later years if there are changes in area of similar land uses ?". It is evident from the resulting hydrographs (Fig. 10 ) that change in land use / land cover data (Lulc data) affect shape of hydrograph. In this case, reduced forest cover as in 2000 Lulc data increases hydrograph peaks and encourages flooding. Further computation of runoff volumes under simulated hydrographs are shown in Table 4 . The computation showed that there is no significant runoff volume change but there is a change in runoff time distribution. The ratio of runoff to rainfall in this case is low (approximately 0.13). This can be summarized that recent increased incidences of flood disasters in the basin is not only due to random occurrences of extreme large storms but also due to effect of change of land use on basin runoff response. It is worth noting that the shape of the two graphs in Fig. 10 is similar. This is expected as the rainfall pattern and magnitude are similar in the two cases leaving any cause of shift to change in area of different classes land use / land cover. The two simulated hydrographs in Fig. 10 are not compared to observed flows due missing records, however, model parameters are maintained from calibration stage. Because rainfall events are maintained for the two land use / land cover scenarios comparison of simulated streamflow curve for year 2000 would be irrelevant for answering the question posed here.
More insight to the effect of change of land use/ land cover on catchment runoff response was done by computation of running discharge quantity indices using 1986 discharges as the base data as shown in Fig. 11 . It is evident from Fig. 11 that effect of land use / land cover change on catchment runoff discharge is more pronounced as magnitudes of discharges increases ( see indices above 1 and their corresponding rainfall intensity in Table 4 ). This means that difference of runoff retention effect between forested surface and cropland surface is not significant at low rainfall values. Disturbed surface soils of cropland tend to induce increased infiltration but only at low intensity rainfall.
CONCLUSIONS
The results of this study are summarized as follows:
i. Computations of change of area for various classes of land cover from Landsat images of 1986 and 2000 indicated that total loss of forest cover and shrub between this period is nearly equal to gain in area of cropland land/ woodland mosaic in the same period. This means that analysis of land use / land cover has revealed that the direction of change is from forest or shrubland to farmland.
ii. Analysis of impact of change of land use/ land cover between 1986 and 2000 revealed increased peaks in resulting hydrographs as a result of increased acreage under crops and reduced forest cover for same storm characteristics. Increased runoff peaks are evident for high intensity rainfall compared low intensity values.
